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This paper correlates results from the Microtox assay and the whole effluent 
acute toxicity test for effluents from the (1) wastewater treatment plant and (2) 
terminal ponds located at the Rocky Flats Plant in Golden, Colorado. The Rocky 
Flats Plant is a government owned, contractor operated, federal facility whose 
historical mission has been to produce components for nuclear weapons using 
plutonium, uranium, beryllium, and stainless steel.
Literature reviews indicate that the Microtox assay, which uses the bacteria 
Photobacterium phosphoreum, may be used as a screening test for the reaction 
of Ceriodaphnia dubia and Pimephales promelas to toxins present in effluents 
from industrial sites. The results from this study indicate that the Microtox is less 
sensitive to toxins present in the wastewater treatment plant effluent than the 
other test organisms (Ceriodaphnia dubia and Pimephales promelas). Toxicity 
appears to be from unionized ammonia. Nine months of data reveal that the 
surface water effluents which leave Rocky Flats Plant boundaries are non-toxic 
when judged by all three test organisms. For final discharge, the LC50s for the 
C. dubia and P. promelas as well as the EC50s for the P. phosphoreum were all 
greater than 100%, levels considered non-toxic by the Environmental Protection 
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(1) To develop a correlation between the results seen in the whole effluent 
toxicity test and the Microtox assay for the discharge points from the wastewater 
treatment plant (WWTP) and the terminal ponds.
(2) To determine the toxicity of the surface waters discharged from Rocky 
Flats Plant.
(3) To evaluate the effectiveness of the Microtox assay for screening 
discharges from the plant.
1.2 Site Characterization
Rocky Flats Plant (RFP) covers about 6550 acres northwest of Denver, 
Colorado. The main production facilities are limited to 384 acres of that area 
and the rest is left in its natural state as a buffer between the plant and the 
surrounding populations. Before the Rocky Flats was ordered to stop 
production in 1989, the plant manufactured triggers for nuclear warheads from 
plutonium, uranium, beryllium, and stainless steel. Production activities 
included "metal fabrication and assembly, chemical recovery and purification of 
process-produced transuranic radionuclides, and related quality control 
functions" (Costain, 1990). During this study, production of non-radioactive, 
metal components, environmental studies and remediation were occurring.
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The environment around RFP at an elevation of 6,000 feet is characterized 
by dry cool winters and warm summers. Geologically, RFP sits on Rocky Flats 
alluvium, which varies in thickness from 0 to 100 feet. Sandstone and shale 
formations lie below the alluvium in bedrock formations. An unconfined aquifer 
exists in the alluvium, while a confined aquifer is present below the shales in 
the sandstones. The flow of groundwater appears to be governed by 
topography. Hydrologically, there are five ephemeral streams which cross plant 
site. In addition, eleven holding ponds are located on three of the drainage 
basins. These ponds are used for surface water system control and water 
treatment before the water is released from RFP boundaries. The B-drainage 
series is directly below the WWTP and receives its effluent. Water in the B and 
C series is pumped from B-5 and C-2 ponds to A-4 pond before discharge (see 
figures 1.1 &1.2).
RFP has its own wastewater treatment plant which is only responsible for 
domestic waste generated on plant site. Domestic waste sources include 
cafeterias, rest rooms, showers, film processing (wastes are treated to remove 
silver before discharge), janitorial activities, cleaning of nonradioactive 
industrial equipment, and cooling tower blow-down. The WWTP does not treat 
RFP process waste or any waste from outside sources. On site there are two 
drain systems: a process drain and a domestic drain. Production wastes enter 
the process drain where the water is evaporated and the salts are buried in the 
on-site landfill.
Management of the discharge ponds is one reason for developing a 



















Note: Stream flow in the Rocky Fiats area is to the east.




















a pond water does contain a toxin. If a correlation is discovered between the 
Microtox assay and the whole effluent toxicity test, then when the pond water is 
tested with the Microtox assay it will give a response illustrating that the water 
may not pass the whole effluent toxicity test. Therefore, operators can divert the 
water for treatment rather than failing a WET-test and/or possibly injuring 
aquatic biota in the ponds and streams or exposing humans down stream to 
toxins. These tests look at toxicity of the effluent for stream ecosystems which 
give some idea of their effect if consumed by humans. Therefore, this method 
will provide a water quality screen.
1.3 Correlation of Bioassays
Literature reports results between the sensitivity of P. phosphoreum and 
other species to a variety of compounds. Correlations between P. 
phosphoreum and each species are dependent on compound, test conditions, 
and length of test. Studies report results in favor of using the Microtox as a 
screen for their regulatory required test organism (Ribo, 1990; Somasunderan,
1990).
Few studies have compared toxicity responses of P. phosphoreum from the 
Microtox assay with those from C. dubia. Mazidji et.al. (1990) fractionated 
samples from municipal wastewater sites for their comparison. They found the 
correlation between C. dubia and P. phosphoreum varied drastically between 
treatment stages. P. phosphoreum would predict toxicity incidence for samples 
from the influent collection system. The secondary effluent, however, was toxic
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to C. dubia and did not illicit a response in P. phosphoreum. Mazidji et.al.
(1990) felt that this was due to low levels of diazinon in the effluent to which the 
P. phosphoreum were not sensitive. Their study also reported P. phosphoreum 
to be extremely tolerant of chloroform levels up to 100 mg/l. Although, his study 
compared the chronic C. dubia test and the 15 minute Microtox assay, Firth 
(1990) also concluded that P. phosphoreum was less sensitive than C. dubia to 
the effluents and therefore would not suffice as a screening tool.
The EC50s from Microtox bioassays have also been compared to LC50s 
from fathead minnow bioassays. Here, researchers seem to agree that P. 
phosphoreum will work as a screening tool, but to varying degrees. Curtis et. al. 
(1982) found a 65% correlation between fathead minnows and P. phosphoreum 
for organics with a higher correlation for alcohols (95%). Curtis e t al. (1982) 
believe the precision of the Microtox is equal to or greater than the fathead 
minnow toxicity test. This study also found that EC50 data validated the use of 
the Microtox as a screen for fish toxicity of the tested compounds.
De Zwart and Slooff (1983) felt EC50s and LC50s compared favorably after 
testing 15 chemicals. They reported that the fathead minnow was two times 
more sensitive than the Microtox. But, this study did not produce a direct 
comparison of samples, nor did it compare test conditions and water 
parameters responsible for the toxicities in the two species.
Munkittrick et. al. (1990), who tested many substances including municipal 
waste samples, disagree with Curtis et. al. (1982) and De Zwart et. ai.(1983). 
Munkittrick et. al. (1990) reported that the "Microtox was not as sensitive as 
acute lethality tests to effluents of leachates with a high component of
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insecticides, herbicides, inorganics, pharmaceutical or textiles, or highly 
lipophilic contaminants." When compared to rainbow trout, fathead minnows, or 
Daphnia sp.. Munkittrick et al. (1990) feel that the lypophization procedures 
may increase the sensitivity of P. phosphoreum to toxins that can cross cell 
walls easily. The effects of the lypophization process on the bacteria are 
unknown. No one has reported what happens to the membrane structure under 
those adverse, lypophizing conditions. According to Walburn (1992), milk is 
added to the reagent before lypophizing to reduce cell damage, but too slow an 
addition of reconstituted water will lyse the bacteria due to lack of osmotic 
adjustment during rehydration. However, the exact contents of the reagent are 
proprietory.
Beyond that, Munkittrick et al. (1990) reported that data summaries provide 
incomplete information. They found some studies that did not provide fish 
species, duration of exposure, direct source, or original data. Some studies are 
not reproducible as they did not provide test condition, sampling conditions or 
sampling parameters. Munkittrick et al. (1990) went on to fault De Zwart and 
Slooff (1983) and others for summarizing data from a number of species, into 
single number for each toxin, which are meaningless when taken out of context 
(eg: Fatheads 1.99 times as sensitive:De Zwart & Slooff, 1983). Through the 
following calculations Munkittrick et al. (1990) feel 15.4 times would be a better 
estimate for general sensitivity between the fathead minnows and P. 
phosphoreum.. For the same data as De Zwart and Slooff, they determined 
sensitivities by:
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15 minute Microtox EC50 
LC50 of other test 
In this case values greater than one indicate a greater sensitivity in P. 
phosphoreum, while numbers smaller than one signify less sensitivity.
However, the Munkittrick study disagreed with an earlier study which 
"confirm(ed) literature reports on the sensitivity of the Microtox test, stating that 
the (EC50) values at 15 and 30 minutes are the most accurate for toxicity tests 
of single chemicals" (Ribo, 1983).
Munkittrick et. al. (1990) also attacked authors who derived comparisons 
between the Microtox 5 min EC10s and LC10s because they believe the 
comparison is unrealistic due to the short time intervals and little allowance for 
biological variation (see Appendix A for explanation of EC10).
Walker (1988b) compared the fathead minnow and Microtox for phenol 
toxicity, however, this study used the 5 minute EC50. Results indicated a range 
of EC50s, 24 mg/l - 67.5 mg/l for phenol tested at different labs. The standard 
deviation was 12.7 mg/l which indicates that significant variation exists between 
test locations and thus questions arise about earlier statements made by Bulich 
and Isenberg (1980) and others as to the precision and reproducibility of the 
test. Granted, the test types (flow-through vs. static) and the temperature (14°C- 
25°C) also added to this variation. But even at the same temperature, results 
varied from 24.0 mg/l - 34.3 mg/l (at 25°C). Confidence intervals are not 
reported with these data, so it is possible that all the numbers are not 
statistically different.
T-4141 9
Walker (1988b) contrasted phenol results with those found for the EC50 of P. 
phosphoreum. The EC50 varied 22.0 mg/l - 40.2 mg/l and the standard 
deviation was not reported for this 5 minute test. Walker (1988b) concluded that 
P. phosphoreum was among the more sensitive species to acute effects of 
phenol.
Microtox EC50s have been related to WET-test LC50s for most test 
organisms including fish (E.V.S Consultants, 1989), crustaceans (Ribo & Kaiser, 
1983), other bacteria (Dukta & Kwan, 1984), and mollusks (Hansen, 1988), as 
well as other test methods (Nadeau, 1985; Retuna, 1986; McGrath, 1988). A 
number of studies report a favorable correlation between P. phosphoreum and 
rainbow trout (Firth, 1990; E.V.S Consultants, 1989; Blaise, 1987). Both species 
are categorized as cold water species (15°C) by the E.P.A. (1985) and test 
temperatures may be a factor in the correlation. Firth (1990) found a 90% 
correlation between the two species and believed that P. phosphoreum was 
more sensitive to paper mill effluents than trout. Blaise (1987) also reported the 
Microtox bacteria to be more sensitive than trout to mill effluents. Although the 
Microtox assay is not widely accepted as a screening tool for sewage treatment 
plant effluent, Firth (1990) did report that "in general, the Microtox assay is the 
most accurate predictor of rainbow trout response when effluents are either very 
toxic or non-toxic." Samples that are either very toxic or non-toxic may have the 
same correlation between any two organisms. However, Blaise (1987) feels 
that non-correlation occurs with effluents of low toxicity.
Natural events may also lead to erroneous results which cause WET-test 
failure. Metro (1991) found two methods for C. dubia failure which are not
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related to any toxins: (1) bacterial infection, (2) protozoa parasitism. C. dubia is 
susceptible to bacterial disease which kills the animal but is not related to toxins 
present in the water. This death is counted as a fatality and could lead to WET- 
test permit failure. Metro (1991) also found a parasitic protozoa which attaches 
to C. dubia, immobilizing them .which can be recorded as a fatality. Actually, the 
creature is still alive and its immobility is not caused by water toxicity.
Parkhurst and Warren-Hicks (1991) contend that "WET-test variability is not 
considered in permit limits." Natural inconsistency can be substantial.
Parkhurst and Warren-Hicks (1991) concluded that "a critical deficiency in the 
data on effluent toxicity test precision is the lack of data on inter- and intra­
laboratory variability of lethal and sublethal end points...." Since the RFP 
ponds are considered "waters-of-the-state," pass/fail of a WET-test determines 
financial burden. The Colorado Water Quality Control Commission is 
considering the enactment of strict liability for WET-test failures. The wording of 
this proposed regulation could indicate that dischargers who fail a toxicity test 
can be held financially responsible for each day back to the last passed test. If 
the discharger tests quarterly, fines can be large. Despite the debate within the 
scientific community, this event, combined with natural deaths and inter/intra­
laboratory variation, provide support for screening tests like the Microtox to 
provide backup for best management practices.
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1.3.1 Municipal Wastewater
Literature results for toxicity test comparisons of wastewater treatment 
system effluents are non-conclusive. Ankley et.al. (1990) reported the toxicities 
of 19 Publicly owned treatment works (POTWs) for C. dubia, P. phosphoreum, 
and fathead minnows (see Figure 1.3). No general correlation appears 
between the results, although an many cases the fathead minnow had a more 
toxic reaction than the other species. However, the Ankley study does not 
report any other data besides the LC50s and EC50s, i.e. toxicity level.
Therefore, the reader does not know the type of test, parameters, or season of 
sampling. All of these factors are important in determining the reason for toxicity 
and without them, it is difficult to draw conclusions. It also illustrates the need 
for individual testing at new sites because correlations are site-specific. The 
Ankley eta l (1990) study compares the three test species used in this study.
Dukta and Kwan (1984) tested two POTWs and also looked at the variation 
at one of these sites over three months. No effluents from these sites showed 
toxicity. In an assay of three POTWs, Ribo (1987) found that two showed a 
slight stimulation of the P. phosphoreum, but were non-lethal to fish and 
Daphnia sp. Unfortunately, all fish species were combined into one sensitivity 
factor. At their third test site, toxicity was observed and Daphnia sp. were found 
to be more sensitive than the fish. Still, they found the Microtox test "to be a 
useful tool for prescreening aquatic pollutants and toxic wastewaters by 
providing quick and reliable data." Their results for POTWs do not seem to 
support this conclusion because they compiled their data into general
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□ LC50 Fat low
X  LC50 Ceriodaphnia dubia
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F ig ure  1 .3 :  Summary of Data from Ankley e ta !. (1990) for 
Sewage Treatment Plant Discharge
categories which remove the variability between species and location.
Colemen and Qureshi (1985) reported similar toxicity data in the comparison 
between P. phosphoreum and S. volutums (an algae). Both species 
responded to toxicity.
To determine the nature of toxicity from the POTW effluents, Robinson (1988) 
tested the toxicity of settled sewage and concluded that "the Microtox gives
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greater sensitivity, repeatability, and precision, but possible problems in the 
interpretation of the results warrant further comparison with the remaining tests, 
all of which show reasonable promise." This literature found the Microtox to 
have a greater sensitivity to all settled sewage sludge samples than the other 
tests. Slattery (1988) supported these results for the sewage effluents. The 
study tested particulates and soluble components in the Microtox. Results 
conveyed a sensitive response to the soluble components by the Microtox, and 
no toxic response to the particulate components. Both Elnabarawy et. al. (1988) 
and McGrath (1988) concluded that the Microtox was more sensitive than 
activated sludge. Retuna (1986) concluded the same for comparison with 
respiration rates, but cited as a problem the "possibility of correct repeatability 
and reproducibility" for the Microtox.
In general, best management practice would recommend a battery of tests 
for more accurate results (Giesy, 1989; Clarke eta !, 1990; Roop, 1985). A 
battery of tests will give a more accurate picture of total ecosystem effect and 
allow for biological variation between individuals and species.
1.3.2 Radiation.
Surface waters from RFP must also be tested for radiation. Most present 
research deals with embryonic fish/crustaceans and the effect of X-ray radiation 
during development. There is only one paper which looks at the affect of 
gamma radiation on the Microtox bacteria (Mantel etal, 1983). In the Mantel et. 
al. study, the bacteria were irradiated in the freeze-dried state, about 20 hours
T-4141 14
before use. These conditions guarantee irradiation of the majority of the 
bacteria and may affect the percent survival from rehydration. When the 
bacteria are used in a 15 minutes acute test the exposure time to any radiation 
is extremely low. In addition, levels in the surface water at RFP are low to non­
detected.
The fish and Ceriodaphnia used in the WET-test are young, so there is a 
possibility that the radiation could have an effect on their development, but no 
chronic effects would be seen within the short test period. Mutations are 
generally exhibited in the offspring of irradiated adults. For the Microtox, the test 
period is only 15 minutes. During this time the organisms are sustained at a 
temperature which minimizes their metabolic activity while attempting to prevent 
natural decline due to lack of nutrients. In addition, very little radiation has 
been detected in RFP surface waters (Pettis, 1991; see Table 1.1). Therefore, it 
is doubtful that radiation will have an effect on either the acute WET-test or the 
Microtox assay.
Table 1.1:












B-5 11 5.0 19 8.1
A-4 11 5.6 19 5.5








Upper 95% Confidence Interval is reported here.
Pettis 1991.
* (After CDH, 1988) Ranges for the counties around RFP.
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1.4 Water Quality
Water quality at RFP is determined by the soil type, confinement of the 
aquifer, waters received from the Boulder Diversion Canal/Ralston Reservoir, 
seep contribution, and WWTP effluent quality, as well as precipitation events 
and surface runoff. Natural water constituents include: calcium, magnesium, 
sodium, potassium, carbonate, chloride, sulfate, nitrate, and trace amounts of 
other metals and organics (Tchobanoglous & Schroeder; 1987). Organics can 
enter the RFP pond system through four mechanisms: (1) plant/animal decay,
(2) agricultural runoff, (3) WWTP effluents, and (4) improper management of 
hazardous waste discharge, which might result in a spill or other method of 
contamination. Surface water at RFP might be exposed to any combination of 
the above. RFP is surrounded by cattle farms which contribute both organic 
wastes and plant material, numerous hazardous chemicals are handled at the 
plant, and WWTP effluent is released into the system.
Water quality is regulated through standards for the mnay compounds listed 
above in addition to dissolved oxygen, pH, alkalinity, hardness, turbidity, and 
total dissolved solids/total suspended solids (TDS/TSS). The relationships 
between these parameters control solubilities of metals, which affects toxicity by 
changing the available dose. However, organics, soils, algae, and humic/fulvic 
acid can detoxify these metals and other toxins that may adsorb to the organics. 
Thus, RFP's ponds react no differently than other ecosystems except they
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experience constant volume changes from pond management practices which 
occur more frequently than precipitation events.
Publicly owned treatment works (POTWs) tend to have high ammonia 
concentrations at levels that cause WET-test failure (Metro, 1990; Fucik, 1991). 
Some secondary treatment systems, like the one at RFP, remove a large 
amount of the ammonia, but a toxic amount can still slip through. The toxicity of 
ammonia is determined by the concentration of unionized ammonia which is 
primarily controlled by pH, but also by temperature, and the ionic strength of the 
aqueous solution. In the surface water holding ponds, phytoplankton utilize the 
ammonia as a nitrogen source, thus reducing the concentration (Lewis, W.,
1991). Total ammonia from the WWTP feeds the nitrogen cycle in the ponds, 
however, the conversion of ammonia to nitrite is the rate limiting step. Nitrite 
and nitrate are considered less toxic to aquatic life than unionized ammonia or 
ionized ammonia (Rand & Petrocelli, 1985). Gill membranes are less 
permeable to ionized ammonia, which is a waste product excreted across the 
gill membrane. Total ammonia has been found to be toxic at concentrations of: 
(Data are not pH corrected and no temperature range was reported.)
96 hr LC50s 0.53 mg/l -- 22.8 mg/l 19 invertebrate species
0.083 mg/l -- 4.6 mg/l 29 fish species
0.14 mg/l ~ 4.6 mg/l nonsalmoniod fish
(EPA, 1986)
Cladocerans, including C. dubia, are more tolerant than fish to ammonia (EPA, 
1986). However, the EPA (1986) feels that "more quantitative information 
needs to be published on the toxicity of ammonia to aquatic life." At this point,
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research includes the extremes of water temperature 0-30°C and pH 6.5-9.0. 
Levels less than 0.025 mg/l unionized ammonia are needed to prevent adverse 
effects of prolonged exposure (Alabaster, 1988). This level should be applied to 
temperatures greater than 5°C and pH values less then 8. EPA(1986) 
estimated a three year ecosystem recovery period from pollution events which 
exceed these limits.
Acute exposure to ammonia causes increased respiration, hyperexcitivity, 
loss of equilibrium, convulsions, comas, and death to many organisms. These 
are direct effects of ammonia on the central nervous system. Chronic symptoms 
include histological changes, a decrease in reproductive capacity, a decrease 
in growth/morphological development, an increase in susceptibility to disease, 
and death (EPA, 1986). However, there is evidence that species adapt to 
sublethal levels of toxins and are then able to handle higher levels for short 
periods of time without harm (Rand & Petrocelli, 1985).
Fish present in water bodies below POTWs are subject to low levels of 
ammonia and thus may be adapted to the location, unlike test organisms. 
Therefore, the toxicity test results may indicate more potential harm than is 
naturally occurring.
After analyzing the available data, the scientific community appears 
uncertain as to the reliability of the Microtox assay for screening purposes. The 
reported correlations are site-specific, which leads to individual tests at 
proposed locations. Thus, this study examined the use of the Microtox assay as 
a screen for WET-test organisms at RFP in the foothills of the Rocky Mountain 





The whole effluent toxicity test (WET-test) can refer to either chronic (7 day) 
or acute (48-96 hours) dilution series toxicity tests. However, the chronic end­
points are growth and reproduction while the acute end-point is death for all test 
species. WET-tests were implemented by the EPA to regulate point-source 
effluent dischargers. In cases where the exact pollutant is not known, or 
synergistic/antagonistic effects occur between pollution components, this 
biological test of the effluent allows for a measure of water quality with mixtures 
of compounds. Assays on specific chemicals do not estimate reactions seen in 
ecosystems. Toxicity tests like the WET-test which use the whole effluent give a 
better estimate of ecosystem reaction.
A variety of test species have been chosen as standards depending on 
salinity and temperature of the receiving water body. Ceriodaphnia dubia and 
Pimephales promelas (fathead minnow) are representative species for RFP. 
Both are widely distributed freshwater species which prefer relatively warm 
waters (20°C), such as those in the temperate region. Fathead minnows have 
been observed in the holding ponds on plant-site. The use of common/native 
species gives an adequate picture of possible toxicity, though lab test 
organisms do not exhibit any adaptation to possible low level pollutants.
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Several trends are reported between toxicity reactions with C. dubia and 
fathead minnows. C. dubia, as filter feeders are more susceptible to metals, 
responding to toxins adsorbed to particles before they are ingested. They also 
react poorly to high turbidity, attributed to their feeding mechanism. Fish, 
however, are less affected by turbidity and metals, but are more sensitive to 
unionized ammonia and some organics (Fucik, 1991). Results are reported as 
LC50s (median lethal concentration: see Appendix A). Therefore, the reported 
number represents the sample concentration which causes death to 50% of the 
tested animal.
2.1.1 Ceriodaphnia dubia.
When biomonitoring and the whole effluent toxicity test were first 
established, two freshwater crustaceans were utilized, the Ceriodaphnia dubia 
for the 96 hour chronic test and the Daphnia magna for the 48 hour acute test. 
However, these two tests could not be compared due to possible deviations 
between species. Thus, less data are found on the Ceriodaphnia dubia acute 
toxicity test. In fact, it appears that less general information is available on this 
cladoceran than on the D. magna, though the EPA, now, prefers the use of C. 
dubia for the acute testing.
The switch between animals occurred due to an overall greater sensitivity in 
C. dubia than D. magna (Lewis, M. 1991). The tiny size of C. dubia allows 
smaller volume samples and needs less space for testing and stocks (Giesy, 
1989). C. dubia also tends to have larger broods and are more widely
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distributed naturally than D. magna, though C. dubia is restricted to freshwater 
lakes and ponds (Giesy, 1989). Lewis (M., 1991) feels that the crustacean is too 
sensitive for routine monitoring and that C. dubia should not be used to monitor 
RFP water since they are not found on location.
Investigation into the lifestyle of C. dubia reveals other important reasons for 
the switch: (1) the life cycle is 2 weeks (Fucik, 1991) and (2) C. dubia is 
parthenogenic1 (Barnes, 1987). Therefore, with a warm test temperature, 
induction of male should not occur and the population will remain 
homogeneous. The test parameter of gender is eliminated. Diploid eggs hatch 
into females and can be produced for successive broods. These animals do not 
lay their eggs, but store them beneath the carapace, protected from predators 
until they are released after hatching.
Males only occur when certain factors arise. These factors are believed to 
be one or more of the following: (1) water temperature change, (2) food supply 
decrease, (3) population increase, or (4) shifts in some other unknown factor 
(Barnes, 1987). However, this mechanism is still not completely understood. 
Sexually fertilized eggs, encased in a shed brood chamber, called ephippia, 
are released when the carapace is shed (Balcer et. a!., 1984) Ephippia have 
the tenacity of spores and can withstand drying, freezing, and passage through 
the gastrointestinal tract of fish and fish predators (Barnes, 1987). Therefore, 
these creatures have a mechanism to travel over land: animal and/or wind 
dispersal.
1 Parthenogenic- This type of reproduction does not involve the formation of gamates with 
opposite sexes. Females continue to produce females.
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Like other branchiopods, C.dubia is only a few millimeters in length and 
transparent under microscopy. They move using the second antenna to pull 
upward and then sink with the antennae acting as a parachute, which slows 
their descent (Barnes, 1987). The compound eye is used to orient when 
swimming and is developed from two eyes which have fused (Barnes, 1987). 
Patterns of movement in the water column have been established due to the 
levels of light and their depth penetration. Movement is induced by the search 
for food. As suspension feeders, their stroking acts to move water through the 
setae2 where food is collected and transfered to the mouth (Barnes 1987). 
C.dubia may respond preferentially to metals and other toxins which adsorb on 
to ingested particle.
Gas exchange happens in the gill and the crustacean utilizes hemoglobin 
for oxygen transfer. Therefore, if a toxin inhibits oxygen uptake, C. dubia may 
exhibit similar symptoms to those in other species that use gills and hemoglobin 
for oxygen up-take. Interestingly, the amount of hemoglobin is dependent on 
the dissolved oxygen in the habitat (Barnes, 1987). Pink C. dubia indicate 
stagnant ponds.
Calcification of chitin is a pathway, similar in crustaceans, which can be 
likened to bone calcification. C. dubia may exhibit symptoms if this is the target 
mechanism of the toxin and these results may be extrapolated to other species.
2Setae- Bristle-like hairs that function like cilia to filter food particles.
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Although its size is deceptive, C. dubia is a highly complex organism. It 
does not share all pathways and mechanisms with other ponds creatures, but it 
does act as a food-screening test for possible toxicity in the pond ecosystem.
2.1.2 Pimephales oromelas(Fathead Minnows^.
The database for Pimephales promelas (fathead minnow) is very large 
because the fish was used in pure compound toxicity analysis and bait- 
breeding programs (Giesy, 1989). The fathead minnow is widely distributed in 
North America (EPA, 1985). Therefore, it tends to be an indigenous species in 
the sample area, not an exotic species which might be intolerant to the natural 
conditions of the tested location. The fish propagates easily after introduction, 
increasing its range.
Colorado is a natural habitat for the fish where it is found in brooks, small 
streams, creeks, ponds, and small lakes (EPA, 1985). Studies have found that 
the minnow prefers slight gradients; it is tolerant to high temperatures, turbidity, 
and low oxygen concentration (EPA, 1985). Thus, the environment of RFP 
ponds is a common habitat for the fathead minnow, and in fact, fathead 
minnows are found in the drainages of RFP (Pettis, 1991). As an omnivore, the 
fish finds both algae and a variety of insects, worms, and crustaceans for food in 
these ponds.
An adult fathead minnow is typically 50 mm and is is an important food 
source for larger carnivores. In pond ecosystems where the fathead minnow 
population is suffering, predators in the food web, as well as other food source
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populations, will be affected. This hypothetical example illustrates the 
usefulness of the minnow as an indicator species since other species may not 
yet shown symptoms of poisoning. Giesy (1989), reported that the minnow is an 
important food source in most aquatic food webs.
The life cycle of the fish is typical. Sexual dimorphism exists in mature 
individuals and they spawn in the spring (EPA, 1985). Spawning is driven by 
temperature increases in the water. It begins when the temperature reaches 
16°C-18°C and continues all summer (EPA, 1985). Intervals between 
spawning sessions decrease as water temperature is reduced. However, 
researchers disagree on the time of day for spawning. Some believe it is a 
night affair, others believe it begins at dawn and is finished each day before 
noon (EPA, 1985).
The male chooses the spawning site and encourages the female to lay the 
eggs, which adhere to the substrate. Then the male protects approximately 400 
eggs until they hatch in 4.5 to 6 days at optimal temperatures (EPA, 1985).
These fish are short-lived, dying after two years. One would expect the 
fathead, though small in size, to react similarly with other fish from the same 
environment when exposed to a toxin.
2.2 Microtox Assay
Unlike the WET-test, which uses twenty organisms at each dilution, the 
Microtox Assay uses approximately 106 bacteria in each dilution. This factor 
increases the statistical significance of each test. Bulich and Isenberg (1980)
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introduced this analysis and discovered that Photobacterium phosphoreum, the 
reagent bacteria, performs optimal metabolism at 22°C. Therefore, Bulich and 
Isenberg (1980) isolated 15°C as a temperature where the bacteria are most 
stable, experiencing little growth or decline. The current methodology includes 
holding the temperature at 15°C. Thereby, they controlled the production of 
new generations during testing which might mutate and exhibit different 
sensitivities. This mutation factor is also controlled by a 15 minute test which 
allows minimal reproduction. Finally, reagent is only useable for two hours after 
re-hydration.
Safe salinity levels for this marine bacteria range from 2%-4% (approx. 20 
ppt-40 ppt), thus all freshwater samples are adjusted since cells will rupture 
below this range. Photobacterium phosphoreum is very sensitive to metals, 
though it responds tolerantly to hardness. In addition, Photobacterium 
phosphoreum does not respond to levels of ammonia which produce toxic 
results in fathead minnows and C. dubia since it will not respond till levels 
reach 1.5 mg/l unionized ammonia (E.V.S., 1989).
The optimal pH for Photobacterium phosphoreum was found to be 6.7 
(Dukta & Kwan, 1984). However, Dukta and Kwan also reported that pH 
adjustment changed the toxicity of the waters through precipitation of metal- 
buffer compounds and redox potential. The change in pH after sampling affects 
the level of unionized ammonia and does not give a fair representation of the 
sample site, i.e. this increases the differences between the water tested at the 
laboratory and the characteristics of the water sampled on plant site. Thus 
microtox samples for this study were not pH adjusted. Turbidity of samples
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reported in the literature was found to reduce recorded light values since it 
blocks emitted light from the spectrometer sensor. However, light emissions do 
drift over time. When the bacteria are initially added emissions increase. After 
temperature adaptation, they naturally decrease even without the presence of 
toxins (De Zwart & Slooff, 1983).
2.2.1 Photobacterium phosphoreum.
Unlike the other test organisms used in this study, Photobacterium 
phosphoreum is a marine bacteria. It, and other bioluminescent species, 
create the blue twinkling of the ocean waters at night. Photobacterium 
phosphoreum is a gram-negative, motile, rod-shaped bacteria (Meighan, 1991). 
It emits light at 420-630 nm with maximum intensity at 490 nm (Ribo & Kaiser, 
1987). It can also survive as a symbiont in deep-water fish (Meighan, 1991). 
Certain fish, who display glowing pockets, actually have light organs created for 
the growth of these bacteria which the fish use in individual identification.
Four explanations have be developed for the evolution of bioluminescence. 
Barnes (1987) feels that bioluminescence first developed as defense against 
predators. The touch from a predator stimulated a flash of light from the 
bacteria, which startled the predator and allowed escape for the bacteria. Other 
researchers believed it was a mechanism to utilize excited states and perform 
biochemistry in the dark, but this reason is not widely accepted. Use of this 
luciferase pathway allows alteration of the electron flow in low oxygen 
environments because the luciferase reaction has a higher affinity for oxygen
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than the cytochromes. Finally, Nealson & Hasting (1979) believe that the 
bacteria use illumination to attract fish which is a completely opposite theory to 
that proposed by Barnes (1987). The bacteria are eaten by the fish, pass 
through the gastrointestinal track and are dispersed by the fish. Many species 
are found in the gut of fish today, which supports this theory (Nealson & 
Hastings; 1979). The bacteria could also use the fish as a food source, feeding 
on ingested material in the gastrointestinal tract of the fish and/or on the 
gastrointestinal tract of the fish itself.
For optimal growth, the bacteria prefer conditions similar in salinity and pH to 
that of the oceans. When these conditions exist, a flavo mono-oxygenase 
enzyme in the bacteria called luciferase reacts with molecular oxygen to form a 
reduced intermediate (luciferase-flavin peroxidase). The decay of this 
intermediate from its excited state results in light emission (Hastings, 1985). In 
P. phosphoreum the luciferase is linked to the cytochromes of the respiratory 
pathway (Meighan, 1991). Therefore, if a toxin prevents the uptake or use of 
oxygen, the bacteria will not emit light; this may also be an indication of the 
toxin's effect on other aerobic creatures. However, in environments that lack 
oxygen the bacteria can function as a facultative anaerobe (Meighan, 1991).
2.3 Comparison of Microtox Assay vs. WET-test
A variety of differences exist between the Microtox assay and the WET-tests 
used in this study, which may affect production of a correlation between the two 
procedures. The Microtox assay is a 15 minute test at 15°C, utilizing
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approximately 106 marine bacteria which emit light when healthy. The WET- 
tests involve a crustacean and a bony fish, different phyla, tested at 20°C for 48 
hours (Ceriodaphnia dubia) and 96 hours (fathead minnow). All three tests are 
acute.
Variation of temperature causes deviation in dissolved oxygen and 
unionized ammonia which changes the water character between the labs and 
the sample sites. The lower temperature of the Microtox assay means more 
dissolved oxygen is present for utilization, while this temperature lowers the 
amount of unionized ammonia. Addition of the Microbics osmotic adjustment 
solution (MOAS) to the samples, changes the salinity and may also have some 
effect on the toxicity of an unknown pollutant.
The number of organisms used in the test makes a substantial statistical 
difference in the results. The WET-test utilizes 20 organisms of each species 
per dilution for a total 100 organisms. Each dilution in the Microtox assay 
receives approximately 106 bacteria for a total of 5 x 106 over the dilution series. 
Questions have been raised as to whether toxicity in this marine bacteria results 
in damage to freshwater ecosystems.
Like Ceriodaphnia dubia and fathead minnows, Photobacterium 
phosphoreum is near the bottom of the food web in its community. Therefore, 
even if predators are not as susceptible to the toxin at its current level, the toxin 
still has a negative effect by killing a food source.
P. phosphoreum, like cells and other bacteria, has a membrane barrier as 
protection from its environment. Parts of membrane structure vary only slightly
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across species, so bacteria may have similar reactions as other species to 
toxins that enter by crossing the membrane.
In addition, support for the endosymbiotic theory of eukaryotic evolution is 
seen in the relationship between all bacteria, mitochondria, and chloroplasts. 
This theory suggests that organelles were once present as independent 
species which lived in symbiotic microbial communities with ancient cells 
(Campbell, 1987). Overtime, through an unknown mechanism these smaller 
bacteria were incorporated into the larger cells. Lynn Margulis has found that 
all mitochondria and chloroplasts possess DNA rings, which are not connected 
to the DNA present in the nucleus and uses this as support for her 
endosymbiont theory (Campbell, 1987). She also found that mitochondria 
possess their own ribosomes and other protein synthetic systems, while 
chloroplasts look like cyanobacteria (Campbell, 1987). Because of the 
similarity between bacteria, mitochondria, and chloroplasts with DNA rings and 
other structures, it is possible that they may react similarly to some toxins. 
Therefore, if a toxin acts across the bacterial membrane and causes DNA ring 
changes or system damage, there is a dangerous possibility that it can have the 
same effect on other organisms.
Here is where the fish and crustaceans enter the picture. They are 
examples of common pond organisms possessing cell membranes and DNA 
rings as well as aerobic respiration to test the theory. Granted, each species is 
decidedly different and this variation allows for distinct reactions to their 
environments. Darwin's "survival of the fittest" illustrates this principle of 
variation, distributing some tolerance in one species, which does not exist in
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another. Biological systems always exhibit this mechanism even among 
individuals of a species and it prevents final judgement on the true toxicity of 
any effluent, despite similarities between DNA, membranes, and pathways.
The Microtox Assay and WET-test, though both acute tests, have dissimilar 
end-points. Both the crustaceans and the fish are tested for lethal reactions.
The spectrophotometer in the Microtox test measures light emissions which can 
change for a variety of reasons including death. But, the results are actually 
sublethal because even when light emissions stop, the bacteria may not be 
dead. The light reaction is linked with respiration, but the bacteria can function 
as facultative anaerobes (Hasting, 1985). Therefore, a response in the 
Microtox, however, may indicate chronic effects in the fish and crustaceans due 
to low dissolved oxygen.
Even though they are young organisms, the C. dubia are not fed during 
analysis to prevent clouding and contamination of the water. Reconstituted 
water (recon water) is created to have similar hardness, but it does not have 
natural components, like calcium, microbe, organics, etc..., which offer 
protection to aquatic organisms. Use of this created water for dilution and 
control may lead to significant death from shock to the new environment. 
Because of this, Fucik (1991) says that C. dubia prefers upstream water as 
dilution. The use of recon water gives the control animals a disadvantage since 
they do not have microbes and other particles present as a food source from the 
sample solutions. But the fish are fed three times at 24 hour intervals when the 
water is changed.
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Finally, the control standards represent procedural differences. Zinc sulfate 
is used for the bacteria, while sodium dodecyl sulfate (SDS) toxicity is tested in 
the fish and crustaceans. The zinc sulfate testes the bacterial reaction to a 
metal, i.e. an internal reaction. SDS, on the other hand, is a surfactant and 
destroys cell walls, therefore it does not test for a mutation in the chromosomes 
which might affect toxic reactions. Therefore, comparisons between these two 
compounds cannot be made. The sole purpose of the reference toxin is to 
develop a comparison among generations of test organisms. Even proven 
sensitivity to a control toxin does not guarantee that a mutation has not occurred 
in another area on the chromosomes where toxic reactions are also 
programmed.
Beyond predictability, the two assays must be judged by price. After the 
initial capital money purchase of the Microtox equipment, each sample costs 
about $5.20 to run. Contracted WET-tests cost about $450 each. Delivery time 
to assay location is also important in emergency situations. If it takes two hours 
to carry the sample to the laboratory, then the suspect water must be held for a 
longer period of time before treatment and/or release. This takes time, money 
and space. A shorter test, on plant site eliminates this pressure, rather than 
running a WET-test at a contracted laboratory. Time and money are saved with 
a quick, on-site test.
Consideration must also be given to acceptance. The WET-test has been 
standardized by the EPA as an effective biomonitoring tool for regulation. The 
Microtox, though cheaper and faster, does not have this legal support, but can 
operate as a screening tool to determine the extent of toxic contamination and
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The sampling was performed monthly by a subcontractor at the locations 
indicated on figure 1.2. Samples from ponds A-4, B-5, and C-2 were composed 
of grab samples from two depths approximately 15 feet into the middle of the 
pond from the dam. Discharges were grab-sampled at the end of the discharge 
pipe, however, the WWTP effluent sample was a composite sample, which was 
taken every two hours over an eight hour time period. The WWTP sample was 
flow weighted before it was tested in the WET-test. However, each fraction of 
the WWTP composite was tested separately on the Microtox and the results 
were weighted.
After the water samples were taken, they were split and one part was 
delivered to the contracted WET-test laboratory and the other was tested on the 
Microtox at the Rocky Flats Surface Water laboratory.
3.2 Chemical Analysis
At the WET-test laboratory ammonia was measured with an Orion ion 
selective electrode (Model 91-56) with a minimum detection limit of 1.0 mg/l. 
Hardness and alkalinity were determined with titrimetry, which had a minimum 
detection limit of 10.0 mg/l. Dissolved oxygen, temperature and pH were
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measured with probes (Detection limits: temperature - 0.1 °C; D.O. - 0.1 mg/l; pH 
- 0.1 unit; Fucik, 1991).
3.3 WET-test
The WET-tests were run at a contracted laboratory which had the facilities 
and its own stocks of organisms. (For this study WET-test refers to acute toxicity 
tests for 48 hours with C. dubia and 96 hours with the fathead minnows.) The 
lab tests their stock of organisms monthly with sodium dodecyl sulfate (SDS) for 
sensitivity. Five C.dubia, less than 24 hours old, were tested in four duplicate 
samples for a total of 20 organisms at each dilution in the series. The same 
number of fathead minnows less than seven days old were put into serial 
dilution (100%, 75%, 50%, 25%, 12%, control).
These tests were run by the lab following the EPA guidelines (1985). 
Therefore, tests were begun within a 36 hour holding time after sample 
collection. An 80% control survival indicated an acceptable test, i.e. survival of 
16 or more control organisms (EPA, 1985). In addition, samples that were 
below the guideline levels for dissolved oxygen (3.8 mg/l) were aerated for a 
half hour before testing. The results are reported as LC50s.
For the WET-test, a zeolite filtration technique was used to examine for the 
effect of unionized ammonia. A larger sample of effluent was taken at the 
WWTP and B-5 sample locations and some of the water was filtered through the 
zeolites. The zeolites are a natural compound, like clay in consistency, which 
preferentially filters ionized ammonia. By shifting the equilibrium, it will remove
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a substantial amount of total ammonia (see figure 4.7, 4.8, 4.9, 4.10). Zeolite 
filtered water was then tested with fathead minnows and C. dubia in the same 
manner as the unfiltered water.
3.4 Microtox
The Microbics-produced diluent was used to ensure a minimum 2% salinity. 
With each test period, the bacteria are tested in zinc sulfate (a known toxin to 
Photobacterium phosphoreum) to measure sensitivity to toxicity. Microtox 
samples were only tested for pH (+/- 0.1 unit). Temperature is held constant 
during the test at 15°C and other parameters were measured at the contracted 
laboratory.
Serial sample dilutions (91%, 45%, 23%, 12%, control) were tested 
according to Microbics procedures. The results were reported as EC50s 
(median effective concentration: see Appendix A). This number represents the 
presence of sample in solution which reduced the light emissions of the 
bacteria by 50%.
Microbics-produced solutions were used to assure the quality of solutions. 
Samples were splits from those sent to the lab for WET testing and were run 
within 48 hours after sampling. The Microbics Standard Assay was used for the 
zinc control test of toxicity sensitivity, but the samples were run through 91% 
Assay which allowed a larger range on the dilution series (Microbics, 1989).
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3.5 Statistics
Statistical analysis was performed using averages, standard deviations, and 
the Mann-Whitney test. The Mann-Whitney test was used to compare the 
values from the control with those for the undiluted sample to determine if they 
were different. Values that fall beyond the 95% confidence range illustrate a 





This study attempted to correlate results from P. phosphoreum, C. dubia, and 
fathead minnows. Only two distinct pattens were found: (1) the WWTP effluent 
expresses toxicity to the test organisms where sensitivity is: Fathead minnow > 
C. dubia > P. phosphoreum; (see figure 4.1, 4.7 & 4.8) (2) effluents from A-4, A- 
4 discharge, and C-2 are non-toxic for all species (see figures 4.4, 4.5, 4.6, 4.13, 
4.14, 4.15, 4.16, 4.17, & 4.18). In these area (A-4, A-4 discharge, and C-2) the 
Microtox assay is well correlated with the WET-test results. This agrees with 
Firth (1990) where correlations exist in very toxic or non-toxic discharges.
The other pattern exists with the WWTP. In this case, the Microtox is the 
least sensitive. However, if a substance were to pass through the WWTP and P. 
phosphoreum showed a toxic response, one could predict that a toxin other 
than ammonia had been released at the WWTP or that ammonia levels were so 
high that they were now also toxic to the bacteria. In December, both P. 
phosphoreum and the fathead minnows reacted with slight toxicity. The C 
dubia did not react, therefore, toxic response was not due to high levels of 
unionized ammonia. Metals and turbidity might have resulted from the high 
snow fall in November, but they should cause an effect in the C. dubia and . 
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Figure 4.1:
Summary of the Acute Toxicity Results In the WWTP Discharge
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Fathead Minnow Survivors vs. Unionized Ammonia at A-4 Discharge
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As mentioned above, the Microtox does not always screen for WET-test 
toxicity as illustrated by the July WWTP results (see figures 4.1, 4.7 & 4.8). In 
July the unionized ammonia levels were low but significant death was reported 
from both C. dubia and the fathead minnows. The Microtox bacteria did not 
respond. There was not stimulation. In addition, no response is seen in B-5 or 
further down the system, so it appears the toxin is removed by natural treatment 
capacity in B-3 or B-4. Since chlorine is measured for each of the samples and 
it was not detected in the July WWTP sample, it is not the cause of this 
response. However, another chemical that also evaporates could be the toxin, 
but presumably it would evaporate as it traveled through the WWTP.
Based on my results, the Microtox could be used as a screening test for 
some effluents, but caution must be used before accepting the results. Dutka & 
Kwan (1984) and Ankley et. al. (1990) imply that the Microtox can be used as a 
screening tests for effluents in general. However, parameters of each sample 
location vary the possible toxicity and thus general statements about screening 
capabilities cannot be derived. These parameters may include pH, dissolved 
oxygen, TDS/TSS, hardness, temperature, exposure to the sun/wind and/or any 
other environmental or unknown factor. At each location, it is best to run a 
correlation experiment between the tests on the site's effluent before 
establishing the screen as a procedure.
After analysis of RFP surface water discharge with three biomonitoring 
species, surface discharge from the site is considered non-toxic. LC50s and 
EC50s during the 10 month study were all greater than 100% at A-4 pond, A-4 
discharge and C-2 pond (see figure 4.4, 4.5, & 4.6).
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Ammonia levels were reduced as water flowed through the pond system.
The ponds act as a treatment system for removal of ammonia through the 
nitrogen cycle. Ammonia is converted to nitrite which is then converted to 
nitrate and used as nutrients by vegetation in and around the ponds. 
Phytoplankton prefer to use ammonia as a nitrogen source and the WWTP 
feeds this system. This use of ammonia is particularly clear on figures 4.1 - 4.6 
where total ammonia levels are reduced during bloom periods for native 
phytoplankton and other algae. Blooms occurred in May/June with a smaller 
bloom in August. Reduced ammonia concentrations could be linked to natural 
turnover and additional nutrients available in native waters at those times, 
which support larger algal populations. However, RFP ponds experience 
substantial fluctuations due to precipitation and drainage events which add 
stress to the system and change competition for resources. Terminal ponds are 
kept near 10% capacity so that they can contain flash floods and/or 
contaminated water as it is treated. Therefore, water is pumped through transfer 
pipes between ponds. These fluctuations change the population dynamics and 
cause death as food supplies diminish.
After five months of testing it was hypothesized that unionized ammonia was 
the cause of some of the measured toxicity in the WWTP effluent But, P. 
phosphoreum did not react to total ammonia levels which caused a toxic 
reaction in either C. dubia and/or fathead minnows. Zeolite filtration was used 
from September to December on samples from WWTP and B-5 for the WET-test 
in addition to non-filtered samples. Unfortunately, the only sample producing 
toxicity (see Fig. 4.7 WWTP in Dec) was not tested with zeolites due to an error
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at the contracted laboratory. Figures 4.7, 4.8, 4.9, and 4.10 do reveal that when 
zeolite filtration were used the survival rate increased and the concentration of 
total ammonia was reduced. In each month of zeolite use the filtered samples 
have lower unionized ammonia levels and greater survival rates. However, due 
to other parameters (pH, temperature, dissolved oxygen, hardness, unknown 
environmental factors etc...), a specific toxic level of ammonia concentration 
cannot be stated. Toxic levels of ammonia seem to vary between ponds, 
although the other parameters seem to be similar (see Figures 4.7, 4.8, 4.9, & 
4.10 and Table 4.1). The natural decline of ammonia through the system as 
well as the decline in reported toxicities supports the conclusion that the pond 
system removes ammonia.
Table 4.1: Parameters for WET-test Conditions









WWTP 108.57 39.22 122.71 43.91 6.30 0.29 7.65 0.39
B-5 110.69 15.68 107.10 42.13 6.36 .70 8.12 0.30
B-5 transfer 108.71 13.04 130.00 22.00 6.35 0.57 8.05 0.34
A-4 111.75 16.85 142.50 29.46 6.29 0.53 8.00 0.33
A-4
Discharge
112.13 28.59 147.00 34.45 6.47 .54 7.90 0.29
C-2 164.50 26.90 149.25 13.89 6.32 0.62 8.14 0.30
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The zeolite data also support the conclusion that unionized ammonia is 
responsible for some of the toxicity seen in the discharges. Although, zeolites 
also filter Rb>NH4+>Ba>Sr>Na> Ca> Fe> Al> Mg (ZeoSep NZ-30 Technical 
Data). Toxic reaction were reduced in both the fathead minnows and the C. 
dubia (see figures 4.7, 4.8, 4.9, 4.10). P. phosphoreum did not react to the 
ammonia levels, therefore it was not tested on zeolite-filtered samples.
However, none of the tested samples produced LC50s for either the unfiltered 
samples or the zeolite filtered samples.
Microtox response in May (B-5 transfer), June (B-5/B-5 transfer), November 
(B-5) and December (B-5, WWTP) does indicate the presence of other toxins 
(see figures 4.1, 4.2, & 4.3). These points are curious, since they do illustrate 
some response. The May and June samples were run during a time when 
personnel were learning the techniques for using the Microtox system, however, 
other samples run at this time do not demonstrate any toxicity.
Testing at RFP in another study revealed that confidence intervals between 
duplicates were smaller only on highly toxic samples. Walburn (1992) related 
that Microbics software is not adjusted to create confidence intervals for non­
linear curves, so curves that are non-linear are given large confidence intervals 
even though the data illustrate tight curves. The confidence intervals for these 
points do vary, however, the Mann-Whitney test illustrates that the numbers are 
real and useable (see Tables 4.2 and 4.3).
The November and December points for B-5 also create concern. Lack of 
experience with the equipment should not be a factor. Unfortunately, they do 
not follow the pattern of decreasing toxicity through the pond system. Perhaps a
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substance was moved into B-5 pond through the November storm activity. 
November was a month of record snow fall and the ponds froze during this time.
Table 4.2: High and Low Values for Toxic Hits
Confidence Intervals
Location Month LC50/EC50 Low (LC50 or 
EC50)
High (LC50 or 
EC50)
WWTP March 100 Cer 83.2 100
April 94.5 Cer 0 100
66.2 Fat 53 87.40
May 95.5 Fat 81.07 100
July 75.4 Cer 67.4 84.2
47.5 Fat 40.40 55.20
December 86.6 Fat 76.05 100
B-5 April 61.3 Fat 50 75
May 61.3 Fat 50 75
June 67.57 MTX 32.32 100
November 44.39 MTX 16.19 100
December 90.97 MTX 12.82 100
B-5 xfer May 91.95 Fat 81.07 100
67.28 MTX 0 100
June 73.75 MTX 19.34 100
Cer = Ceriodaphnia dubia 
Fat = Fathead minnow
MTX = Microtox (Photobacterium phosphoreum)
These weather conditions influence pond levels, adding TDS/TSS from runoff 
and wind, and volume as well as capping the ponds. However, high rainfall
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over the summer (1990) did not have similar effects. Best estimates from the 
data for the fathead minnow and P. phosphoreum would suggest metal 
contamination, but C. dubia are also highly susceptible to metals and they do 
not show response (see figures 4.2, 4.9, & 4.10).
In 1989 DOE reported using nitric acid (223,387 lbs), sulfuric acid (58,300 
lbs), carbon tetrachloride (48,212 lbs), 1,1,1-trichloroethane (45,634 lbs), 
phosphoric acid (44,194 lbs), hydrochloric acid (27,575 lbs), ethylene glycol 
(13,423 lbs), and freon 113 (12,545 lbs) (Costain, 1990). Other possible toxins 
on site include contamination from:
(1) Storm runoff increases TDS, TSS, turbidity, and may carry toxins into the 
ponds. Though P. phosphoreum is not susceptible to high TDS/TSS, turbidity 
does block light from the spectrometer. C. dubia are very susceptible to 
turbidity, unlike fathead minnows.
(2) Contamination from accidental spills/leaks. Spills have occurred at RFP. 
In 1989 chromic acid was released into the sanitary drain and the acid 
destroyed half of the activated sludge at the WWTP. However, none was 
released from the plant. Leaks also occur because contractors before EG&G 
buried wastes.
(3) Seeps around plant site. In another study, these seeps were found to 
produce a reaction in P. phosphoreum, C. dubia, and fathead minnows.
(4) Contamination from pesticides used on plant site and around the plant. 
Atrazine and Dicamba have been detected in the ponds (Pettis, 1991).
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(5) Mycotoxins from fungus and other naturally produced toxins may poison 
the test animals (Lewis, W., 1991). Dissolved oxygen fluctuates due to algae 
activity and several WET-test samples were aerated before testing.
In addition, the WWTP drying beds and influent holding ponds are unlined and 
may influence the ponds through groundwater flow, which would lead directly to 
the B-series ponds.
Selected organics, such as chloroform, and methylene chloride were also 
detected in the ponds (Pettis, 1991). Though these detections rarely occur and 
are believed to be due to residue from the WWTP chlorination system or lab 
contamination from methylene chloride (Pettis, 1991). Therefore, very few 
substances create exceedences or are available in the RFP pond system to 
create toxic reactions.
The results from the July sample at the WWTP illustrate some contamination 
other than unionized ammonia. In July both the fathead minnow and C. dubia 
experienced significant death (see figures 4.1, 4.7, & 4.8). However, the 
unionized ammonia levels were low for both these tests. Therefore, one of the 
contamination events mentioned above may have occurred. The Microtox 
would have shown a reaction if metal levels were high; E.V.S. (1989) stated that 
the Microtox and fathead minnows reacted similarly to metal contamination. 
Therefore, if the toxin were a metal, one would expect the Microtox to have also 
reacted. The temperature difference of 7°C between the tests may be 
responsible for the difference between these results if metals are the toxin. 
Differences in dissolved oxygen may be factor in this toxicity. Substances (milk 
is used, but the rest is not disclosed due to trade secrets) present in the reagent
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to protect the bacteria during the freeze-drying process may have acted as 
chelators for the metals even though these compounds would have been 
present in minute quantities. In either case, the Microtox was not correlated 
under these circumstances.
The December results for all three tests did illustrate toxicity. If the Microtox 
was correlated for the WWTP effluent, it would have picked up some toxicity and 
perhaps aided in best management practices. Walburn (1992) from the 
Microbics Corporation stated that large confidence intervals without a random 
spread of data points, illustrated nonlinear curves, not lack of confidence. The 
December results illustrate such a curve and indicate toxicity with a nonlinear 
curve.
4.2 Stimulation
Stimulation is exhibited by the bacteria when they emit more light after the 
15 minutes test period than they did at the initial reading. Naturally, the curve 
should decrease due to lack of nutrients, therefore, why are the light intensities 
increasing? (1) The bacteria may be reacting favorably to their conditions. 
Perhaps the sample contains needed nutrients and metabolic rates are 
increasing despite the attempt with temperature to keep them stable. (2) 
Stimulation can also illustrate activation of the immune system as it prepares for 
the onset of invasion/infection. In this case, the reaction is negative. The 
bacteria sense danger and are metabolically preparing to fight.
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Many samples showed stimulation of P. phosphoreum (see Table 4.3). The 
explanation is not simple. Stimulation is not always paired with WET-test 
sensitivity. A-4 pond, A-4 discharge, and C-2 pond all gave stimulatory Microtox 
responses without harming the WET-test creatures. Thus, the stimulation is 
probably due to nutrients and illustrates positive results, although it may also 
indicate a low level toxin which produces chronic effects and are not measured 
on an acute test These hypotheses have not yet been tested.
Table 4.3:
Events of Stimulation vs. Reported WET-test Toxicity










MAR I N I N X X X
APR Y I Y X X
MAY Y I Y Y X X
JUN N Y Y 13 X
JUL Y X N X N X
AUG I N X N X N X X
SEP N 13 N X N X X X
OCT X N X N (3 13
NOV I N N X N 13
DEC Y Y N 13
J3 = Some stimulation of the Microtox bacteria during testing, as determined by 
stimulation in 50% of the dilution series for one of the duplicates.
2  = Significant stimulation of the Microtox bacteria during testing.
Blank Cell = No stimulation.




Statistical analysis proved to be limited due to the number of points which 
were >100%. No statistical correlation could be drawn between the EC50s and 
the LC50s. However, averages, standard deviations and the Mann- 
Whitney test observations were found for each assay at each location over the 
ten month period. Confidence intervals can be found on Table 4.2 and the 
Mann-Whitney results can be found on Table 4.4.
Table 4.4: Statistics or Toxic Hits Using the Mann-Whitney Test




WWTP C. dubia 16.00 4.92 32.5 52-117
Fathead 13.00 6.26 14 52-117
Microtox 90.39 15.60 262 697-899
B-5 C. dubia 18.93 2.13 128 62-134
Fathead 17.36 4.55 32.5 62-134
Microtox 78.56 24.02 27 22-59
B-5 xfer C. dubia 19.25 0.89 26 12-37
Fathead 19.00 1.00 12.5 12-37
Microtox 85.80 37.93 13 5-20
A-4 C. dubia 19.22 0.83 70.5 22-59
Fathead 18.56 1.33 26.5 22-59
Microtox 72.89 28.32 12 22-59
A-4 disc C. dubia 18.75 0.89 21 12-37
Fathead 19.88 0.35 28.5 12-37
Microtox 103.67 28.75 7 1-8
C-2 C. dubia 19.63 0.25 43 16-48
Fathead 19.88 0.35 36 16-48





Std Dev = Standard Deviation 
95% C.V. = 95% Confidence Value
(NOTE: Observation must be outside this value to be significant.)
4.4 Future Studies
A number of questions developed during this research that require further 
study. Although the pH’s of the solutions were found to be within acceptable 
ranges for the bacteria, samples were not tested for pH after these solutions 
were added (see Table 4.5). An effect may exist here. Walker (1988b) 
examined the use of sucrose for osmotic adjustment, but found variable results. 
For some chemicals the toxicity increased when the sucrose was used and for 
others it decreased.
Table 4.5: pH of Standardized Solutions
Solution Recon Water Diluent MOAS Zinc Sulfate 
Standard
pH 8.0 6.8 6.3 4.6
The differences in unionized ammonia between the Ceriodaphnia dubia and 
the fathead minnows during the WET-test also require further research. In 
almost every case the C. dubia experienced a higher concentration of 
unionized ammonia. For this research, the unionized ammonia levels were 
found using the pH of the water after testing and the required test temperature 
for the WET-test (22°C). Taking ammonia reading before, during, and after 
testing would create a curve for the ammonia levels over test time and might 
elucidate possible causes for this discrepancy. The only difference between the
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levels found for this study is due to the pH's of the samples during testing. 
Therefore, the pH differences are due to the creatures themselves or the 
addition of food for the fathead minnows.
4.5 Conclusions
(1) Non-toxicity is correlated between species for A-4, A-4 discharge, and 
C-2 where unionized ammonia levels are below 0.4 mg/l.
(2) The Microtox Assay may be used as a screening test for the discharge 
points, but it does not give an absolute answer as to the question of whether the 
WET-test will be passed or failed.
(3) Use of the LC50/EC50 does not report as much toxicity or illuminate 
toxicity patterns as well as plotting actual survival numbers.
(4) Within the natural pond treatment system, ammonia was identified as a 
major toxic species. Ammonia levels in successive retention ponds are 
substantially reduced.
(5) P. phosphoreum does not respond to levels of total or unionized 
ammonia in RFP effluents which prove toxic to C. dubia and fathead minnows.
(6) Though this study only illustrates ten months of toxicity data (March to 
December 1991), it presents evidence that surface water leaving RFP is not 
toxic. C. dubia, fathead minnows & P. phosphoreum did not respond 
negatively to A-4 discharge water.
(7) If cost and time were not substantial factors in biological monitoring at 
RFP, I would suggest that five test species be used for testing: fathead
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minnows, Hyllella (an indigenous benthic crustacean), C. dubia, P. 
phosphoreum and S. volutums (a common algae). These five species combine 
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APPENDIX A: Definition of LC50 and EC50
Definition: (Median Lethal Concentration)
The LC50 is a statistically derived concentration of water sample that in a 
single dose is lethal to 50% of the test organisms. The water sample may be 
diluted to pinpoint the exact concentration of water-borne pollutants which will 
result with death in half the test organisms. The LC50 is based on the 
assumption of normality of the dose-response curve (see below). This curve 
implies that as the dose increases, so does the mortality until 100% lethality is 
reached. Statistically, this curve is sigmoidal in shape.
Since this test for the LC50 looks explicitly at the relatively quick lethality of 
the sample, it is a measure of the acute toxicity and does not explore chronic 
effects from exposure to sublethal levels.
The EC50 is also based on the above assumptions, but it reports the 
effective concentration. For the Microtox this is the concentration which causes 
a 50% reduction in the amount of light emitted by the bacteria. Unlike the LC50, 
it may include sublethal effects.
If data are reported as an EC10/LC10 the 10 refers to the percent change in 
light emission or death of the test organisms. LC10s allow less death in the test 








Log of the Dose
After: Lu, F.C. (1985) Basic Toxicology: Fundamentals. Target Organs and Risk 
Assessment. New York: Hemisphere Publishing Corporation.
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Appendix B: MICROTOX ASSAY PROCEDURES 
M icrotox Standard Assay Procedure
1. Place clean, unused cuvettes in the Reagent Well and in the incubator
block wells in row A and B.
2. Vigorously operate the plunger handle for the 1 ml pipettor 10 times. Then
pipette 1.0 mL Recon Solution into the cuvette in the Reagent Well.
3. Pipette 1.0 mL Diluent into each cuvette in wells A1 through A4.
4. Vigorously operate the plunger handle for the 500 pi pipettor 10 times.
Then pipette 500 pi Diluent into each cuvette in wells B1 through B5.
5. Vigorously operate the plunger handle for the 250 pi pipettor 10 times.
Then pipette 250 pi MOAS into the cuvette in well A5.
6. Add 2.5 mL of zinc standard to cuvette A5, then mix by aspirating and
ejecting the sample 5 times, using the 1.0 ml micro pipettor.
7. Transfer 1.0 mL from A5 to A4, and mix A4, using the 1.0 ml micropipettor.
8. Transfer 1.0 mL from A4 to A3, and mix A3, using the 1.0 ml micropipettor.
9. Transfer 1.0 mL from A3 to A2, and mix A2, using the 1.0 ml micropipettor.
10. Discard tip on 1.0 ml micropipettor.
11. Wait 5 minutes for temperature equilibration of the solutions.
The cuvettes should contain the following:____________________________
1 2 3 4 5
A D D+M+S D+M+S D+M+S M+S
B D D D D D




12. Take a vial of Microtox Reagent from the freezer.
13. Remove the seal and open bottle.
14. Tap the vial until the reagent pellet is seated on the bottom of the vial.
15. Take the cuvette of recon solution from the Reagent well. Place the lip of
the cuvette on top of the reagent vial. As quickly as possible, dump the 
recon solution into the reagent vial. Swirl the reagent into the reagent 
cuvette.
16. Put the cuvette back in the reagent well.
17. Mix the reconstituted reagent 20 times with the 500 pi micropipettor.
18. Vigorously operate the plunger handle for the 10 pi pipettor 10 times.
Then pipette 10 pi reconstituted reagent into the cuvette in wells B1 
through B5. When pipetting the 10 pi of reagent into a cuvette, leave 
both cuvettes in the wells. Place the pipette tip under the surface of the 
liquid, but DO NOT REST THE PIPETTE TIP ON THE BOTTOM OF THE 
CUVETTE. Rest the 10 pi pipette tip against the cuvette's inside rim. 
Slide the tip down until you feel the ridge on the pipette tip touching the 
rim of the cuvette. Stop there. The tip is in a good position.
19. Mix the reagent in row B, 2-3 times using a 250 pi micropipettor. Discard
tip.
20. Wait 15 minutes for reagent stabilization. During this break, perform the
following on the samples:
A. Calibrate pH meter.
B. Measure sample pH using the pH meter.
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C. If pH analyzer is not functioning, use pH paper.
D. Record sample pH and weather conditions (as reported on sample 
bottle) in log book as well as the time/date of each sample.
21. Follow the Start up procedure on the computer. Press the space bar at the
two prompts. Then choose number 1 to begin testing. Continue by
following the computer prompts and add the following information at the
prompt:
Number of assays: 1 
Number of dilutions: 4 
Assay Times: 5 15 
File number: Yr month day trial 
ex.91082501 
Description: "Zinc Standard"
Note: When printing the standard file check to insure that the following are 




22. Take the cuvette from well B1, and place it in the turret well. Press the
SET button. Do not press the SET button again for this assay.
23. Wait for Ready Green Light.
24. Press READ button.
25. Return B1 cuvette to well B1.
26. Read light levels for B2, B3, B4, and B5. The computer will record them
automatically.
27. Transfer 500 pi from A1 to B1. Mix 3 times using 500 pi pipettor.
28. Transfer 500 pi from A2 to B2. Mix 3 times using 500 pi pipettor.
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29. Transfer 500 pi from A3 to B3. Mix 3 times using 500 pi pipettor.
30. Transfer 500 pi from A4 to B4. Mix 3 times using 500 pi pipettor.
31. Transfer 500 pi from A5 to B5. Mix 3 times using 500 pi pipettor.
32. Press space bar.
33. Discard tip.
34. When the computer timer signals, five minutes after the last light level is
taken, read light levels in the same order as above. There is a prompt for 
each cuvette on the computer screen.
35. When the computer timer signals, fifteen minutes after the initial light level
was taken, read light levels in the same order as above.
36. Run statistics and print report using the Microtox software.
37. Tape the report into the same log book as surface water samples being
tested. Initial report.
38. Record any out of the ordinary circumstances that may affect the quality of
the data in the appropriate lab journal. Some examples may be 
problems with the micropipettor dripping, soil samples being ground in 
the lab at the time of toxicity testing, or low light level readings for the 
Reagent (below 65).
39. Dispose of Microtox test waste in a 4 liter temporary waste container.
40. Dispose of cuvettes in landfill trash receptacle.
Microtox 91% Assay Procedure for Double Runs on 3 Samples
1. Place clean, unused cuvettes in all the incubator block wells.
2. Add 1.0 mL Diluent to the cuvettes in columns 1-4 of each row.
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3. Add 250 pi MOAS to column 5 of each row.
4. Add 2.5 ml of water sample to column 5 of each row, and mix by aspirating
and ejecting the sample 5 times.
5. Discard 750|il from column 5 of each row.
6. Transfer 1.0 mL from A5 to A4, and mix A4 by aspirating and ejecting the
sample 5 times.
7. Transfer 1.0 mL from A4 to A3, and mix A3.
8. Transfer 1.0 mL from A3 to A2, and mix A2.
9. Discard 1.0 mL from A2.
10. Continue this pattern across each row using a new pipettor tip for each
new sample. The cuvettes shou d contain the following.
1 2 3 4 5
A D D + M + S a D + M + S a D + M + S a M + S a
B D + M + S a D + M + S a D + M + S a M + S a
C D D + M + S b D + M + S b D + M + S b M + S b
D D + M + S b D + M + S b D + M + S b M + S b
E D D + M + S c D + M + S c D + M + S c M + S c
F D + M + S c D + M + S c D + M + S c M + S c
Where: D = Diluent
M = MOAS 
Sx = Sample
(B1, D1, F1 remain empty without cuvettes)
11. Set timer for 30 minutes. Start.
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12. Select #2 on main menu and mix Reagent 20 times with 500 p.1 pipettor.
13. Transfer 10 pi reagent to A1 and mix.
14. Place A1 in the READ well and press the SET button. Then press the
READ button and record the light emission.
15. After 30 seconds, transfer 10 pi reagent to A2 and mix. Replace 10pl tip.
16. Wait 30 seconds, transfer 10 pi reagent to A3 and mix. Replace 10pl tip.
17. Wait another 30 seconds, transfer 10 pi reagent to A4 and mix. Replace
10pl tip.
18. Continue this wait, transfer,mix and replace 10pl tip pattern for every
cuvette at thirty second intervals. Replace 500pl pipettor tip after each 
row is completed.
19. When timer signals the end of 15 minutes, begin recording light levels for
each cuvette at their 30 second intervals and manually record values in
software table.
File number: Yr month day trial 
ex.91082501
Description: "number-month-date-yr pH time(of sampling), weather" 
ex 34-8-14-91 pH6 0735
Dilutions: 4
Initial Concentration: 91 
Units: %
Osmotic Adjustment: MOAS 
Procedure: Dilution Assay 
Assay Time: 15
After one sample has been recorded another table will need to be established 
for the next sample.
20. Run statistics and print report using the Microtox software for each sample
run.
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21. Tape the report into the appropriate log book. Initial report.
22. Record any out of the ordinary circumstances that may affect the quality of
the data in the appropriate lab journal. Some examples may be 
problems with the micropipettor dripping, soil samples being ground in 
the lab at the time of toxicity testing, or low light level readings for the 
Reagent (below 65).
23. Dispose of Microtox test waste in a 4 liter temporary waste container.
24. Dispose of cuvettes in landfill trash receptacle.
25. If 4 liter waste bottle is full, transport to 123 Lab process waste receptacle.
